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3 July 1963

MEMORANDUM FOR: The Director of Central Intelligence

SUBJECT : Panel for Future Satellite Reconnaissance
Operations

1. The Panel which you appvinted to consider questions reiated
to the future satellite reconnaissancc program has concluded its study,
~and I am transmitting herewith our Report. May I say at the outset that
the group of Panel members and consultants over which you asked me
to preside was an extremely well-informed, thoughtful, and conscien-
tious group. I want to express my personal gratitude to the Panel
members and consultants, and also my appreciation for the excellent
staff support with which we were provided.

2. I know that you appreciate that time was a severely lim.ting
factor. Because our study had to be compressed into so shaort a period,
we had to limit the number of questions we ¢ould come to grips with.
Within these limitations, however, I think the Panel has cxamined care-
fully and objectively the major questions you set before us.

3. The Panel had two full day meetings on 4 and 5 June wh ch
werc preceded by special briefings of some of the members. Our Report
has _one through several stages of drafting in the course of which *he Parel
members were consulted, individually or in small groups. LExcept for
very minor editorial changes our Report, as submitted herewith, has
seen reviewed by all Panel members, who concur substantiaii; in .ts
.indings except where specifically noted to the contrary in the Report
itself,

4. In behalf of the Panel members and consultants, I wish io
express our appreciation % the privilege and responsibility you have

25X1
NRO review(s) completed.
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assigned to us in calling on us to serve in this way. Itis our sincere
hope that our counsel, in some way, will benefit the work of the
Intelligence Community.

SIENED

25X1

Chairman
Reconnaissance Panel

T0P STORFT
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L. INTRCDUCTION
In responsc to a request from the Director of Central Intelligence,
the Panel was assembled to examine some broad problems in satelliie
reconnaissance. The Panel addressed itself to the following questigns:
a. What is the capability of existing and programmmmned -
systems to provide photogr aphic coverage of the quantity and
quality required to meet future intelligence requirements?
b. What are the technical possibilities for the future
development of satellite photography, and how should these *
affect systems planning and research?
c. What should be the technical goals in the next phase;
of development?
d. What is the vulnerability of our systems to counter+
measurces; how serious is the threat, and what steps shouldiie
planned to meet it?
In addition to these central ques..ons, the Panel considered:.
number of proposals and iacas 1or spo :cial systems. Finally,: althonigh
the Panel did not undertake a study of the A-12 airborne sysigm as ¥ ‘uch,
its importance in the wholc picture was very much in our minds. '1 e
capabilities and the complementary roles of airborne and satellite
systems were compared at relevant points.
To state our problem even more brielly, we tried to Look into the
future to see how far satellite reconnaissancce inay reasonibiy be eroeccCuooa
to develiop in the service oi our intelligence rnecds, and what work mueds
:o be done to insure that'it develops as rapidiy as possible in the ri:ht
directions. It is obvious that so shorta study had to leave miny v DOr -
tant problems untouched, -
ILLEGIB
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to all films and cameras; nor need it measure any precisely velinaee
theorectical parameters. It nced not cven relate clesely to the miliziry
specification involving bar targets, but it must be applicable routin B
and simply to any segment of useful M negative. Possibly a simple
measurement of something related only to the cut-off of the spatial-
frequency power spectrum in the final negative can be devised., I -
can be diagnostic, so much the better, but the overriding need is fo -
an unambiguous quality control test.

This "product improvemeat! program for M presents o rorl y
golden opportunity, not a thankless chore. If carricd through in tha
spirit, with determination, its Guantitative yield in intelligence infd:ma -
tion may surpass that of any single more advanced system we could
now design.
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4. PLANNING BEYOND CJ IRITNTLY PROCRAMMEID 8VETuY L |
25X1 . ) . e :
The is wn cuample of a pold step in wvnat W o

would think is generaiiy the rigat direciion, that is, in pushiag resan
25X1 lution to the limit eve Ol expense in coverage. Actually, as Low

“ conceived, the i{th its considcrable flexibility wowid
offer substantial coverage in some modes. We feel, however, tha.::
is a little too early to freezc the concept of the next advanced :syaLﬁn.
The reasons for this are the following: in the current state ofhe ax.,
as was convincingly demonstrated by the excellent parametr.a stucis s
presented to us, the controlling parameters of [ilm spce, filin resovluties,
vehicle attitude stability, and the laws of wave optics, lead one to

o

n at

9]

i

compromise in which size, weight and complexity of the irsiimument i
affected by even a modest change in a basic parameter. Onecan ahiilo
say that a modest factor in film specd could mcan the differcnce begwees

a thrust-augmented THOR and & "ITAN for the transporting veuicie

In other words, in the next generation ol reconnaissance cameras ik

will be even more important than before, if that is imaginable, to ke ;
the utmost advantage of every advance in optical materials and teck o agues.

In the following section, we discuss some possibilities for tcehnolayica.

advances which can probably be evaluated soon enough so {hat one € .

cstimate their importance ior the corning generation of sy ters. L. a

few months' time, it may be possible to see much more c.eatly tha:

il £)

AL
)

s

now what kind of system we ought to go for.

25X1
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5. TECHNOLOGICAL ADVANCES

a. Emulsion Properties

Current camera designs, when optimized, turn out to x
an expression of the properties of the SO-132 emulsion. Within luries -
at a given state of the emulsion art, there is a trade off between scr si-
tivity and resolution which can be manipulated to get better resulis:. a a-
particular context. On the other hand, it appears not unreasénable o

hope for some absolute improvement in emulsion propertics which soouka

yield a faster film at the same resolution or its equivalent. Frobuably
a factor of 4 in speed for a given resolution is too much to hope lor.
but we have some confidence that a factor of 2 may be obtainable. “.his

would be an extremely significant gain, which would of course bc¢ wwlcomr e

in our current systems. It could be immediately exploited inithe deslgn

of new systems to alter materially the weight-size-stabilization reguire-

ments in the next generation of instruments. Within a few months oae -
may know whether such an improvement in emulsions can indced be
anticipated. We think it extremely important that this question be
pursued. "

b. Image Intensifiers

The electronic image intensifier is a device whick is now

being developed vigorously in a number of forms. It may possiuly piresens

an opportunity for a major breakthrough in satellite photograguy. L. the
image intensifier, light from the original scenc falls on a phao.v-cut ode
rather than on the film directly. The electrons ejected from:he phto-

cathode arc accelerated to bombard the phosphor, where thecy make mor«=

light. This light can then expose a photographic film or the proces: can
be cascaded to make more electrons, more light, etc., until'at sorr.e
stage photographic recording occurs. It remains to be secn whether (he
required resolution in lines per millimeter can be maintaincd. Thece -
is no fundamental reason why it cannot be. Some preliminary calcula-
tions suggest that several hundred lines/mm is not out of the questi.n.
Indeed, in the application to satellite cameras, we appear to have a
situation peculiarly favorable to the application of the image-intens:.ier
technique. in most of the current and future designs the light is

-6~
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recorded at any given instant along a narrow strip or slit, a grvoemet:y
highly advantageous for control of the electron trajectories. 1his
©2shnigque may permit the further flexibility of recording photograpmmu= -
aliy at a scale different from that of the primary image. We recorxnend
that the possibilities of image-intensifier techniques be immediately
investigated. If closer investigation corroborates our present optim isin,
a vigorous program of development should be started. Here, too, %2
expect that a few months' study could give us a very much clearer
picture of the implications for planning of our future systems.

c. Very Large Optics

Advances in the design of very large optical systems ar
continuing to be made. These include not only new geometrical arrcnge-
ments of reflecting surfaces, correcting plates and lenses, but alse
new techniques for constructing large mirrors that are accurate but
not enormously heavy. Itis reasonable to contemplate apertures ai
least as large as 60" diamecter operating, so far as their intrinsic :
optical performance is concerned, close to the "diffraction limit' st
by the wave length of light. To be more specific, it appgars that a0
diameter f/2 system forming a good image on a 10" slit is entirely :
feasible, as is a 40" diamecter, £f/1.5 with a 6" slit. If and when we mave
into larger vehicles, it is these larger systems we should be thinkiug

about. It is not too early to support research and development on ¢ mpo-

nents, in view of the fact that the lead time on the very large optica.
elements involved may be as much as two or three years. (Oif course
we must not forget that the lead time on launching facilities may be
another critical element in the utilization of larger vehicles. )

The impression gained from our discussions of these ilarge:
optical systems is that bulk is likely to be a more stringent limitaton
than weight, especially if the development of large beryllium mirrees -
continues to proceed as successfully as it has to date.

d. Stabilization _

The problem of vekicle stabilization is likely to rema.k wita
us in spite of all optical inventions and will grow more acute rataew ihal

-7-

T v
IR AN .’ﬂ}?-,' i

(I o A 1y
awrd - ‘—'\JJ.L‘.‘-I‘

Approved For Release 2007/10/23 : CIA-RDP71B00822R000100140006-6

25X1

25X1



Approved For Release 2007/1 0/23 CIA-RDP71B00822R000100140006-6
-’ BT Clgbiad "

ATTACHMENT TO

25X1

r

less. Hence, there will be a continuing need for innovation and if jcnuiiy
in the development of vehicle stabilization techniques appropriate ‘o

the camera platform. Some degree of image stabilization (as conirasica
with vehiéle stabilizatic: may be possible in some of thec new optical
systems, including the hypothetical image~intensifier system just
mentioned.
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6. EVENTUAL LIMITS OF RESOLUTION

There is no evidence that our present systems are rumuang ij .o
any fundamental limitations on ground resolution. Of course, the
inexorable relation between angular resolution and lens diameter dQ s
impose an ultimate lower limit on the size of our instrument.- it tak:s
a 10 inch aperturc to resolve a foot at 100 miles if everything clse iz
perfect. Probably onc can push as far as one foot ground resolutics.
without secvere trouble froin the atmospheric medium. The questia.
remains as to where the inhomogeneity of the atmosphere will make
itself evident, preventing any further useful advances. On this qua ‘tion:
we have no conclusive experimental cvidence. The astronomers ay
familiar with the inverse problem of secing up through the atmosph.re,
but their experience does not necessirily provide the answer. Wei.re
also unable to predict at present whether this eventual limitation w L1
be relatively more or less serious for the satellitec borne camera inhan
for an airborne camera. As we advance into a new domain of perfor-
mance this fundamental question will descrve serious research ati.ntic:.
In advance of empirical tests, we may well be able to draw asefui: un-
clusions from calculations for various models of a turbulent atmos sher..

Satellite systems are compicvtely free from one problem widch
may eventually limit the resolution of airborne cameras, the optical
irregularities in the airstream adjacent to the vehicle. Where this lirs. ¢
will set in, for airborne systems, is an open question at the mom- 'nt,
but tests in the actual environment which are now scheduled shoul !
provide a reliable answer, at lecast for ground resolution of the order
of one or two foot. This problem, if it ever becomes serious, i pera-bis
not entirely beyond remedy. ‘
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The Panel considered rather briefly the current status of
developments in rcecad-out systems. This technique has, of cdurse,: had
a long history of develorment. The original technical objectives we. e
met; we know that read-out can work, but there has been no prractic:l
appfication to reccnnaissance. The basic limitation of present read-
out systems is still imposed by the radio frequcncy channel capacity
and the read-out time availeble, and this handicap has grown, if = : s
anything, relativcly more discouraging in coraparison witk photoora hic
recording and recovery. . constant which pretty well characterizad
recad-out systems was stated in the following form: one or two scuank »
inches of picture per megacycle band, per minute, for a pictire wit
100 lines per millimeter resolution. One can perhaps inven: missicas
aimed at quick recovery of I or 2 pictures of a few small targets which - :
would make a read-out syst:rm ztiractive, but these would hzvez to o v =
compared with what we miit o Ly a quick-rezction satellite iwith
recovery, or by other means, such as a | \ 25X1

. Cn the wholc, we can generate very ¢

little enthusiasm for the read-out technicue. Some rescearch . thid

area might reasonably be kept going. In purtic:lar, new meaps sho.il be

sought to expand the capacity of the over-all filin-to=ground channcl: by

ultra-fast scanning techniques and very wide band communications.: But

we concluce that there are no evident opoortunities in read-ou: systi-rns

which ought to affect our major plans for further developmeant and wee -
of photographic systems witn recovery.

ILLEGIB
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9. SOME SPECIAL §VETENS AND MISSIONS

he Panel corwiloror wrieiny a number of specink strsterms
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UnaTs may swarrant examination:

a. Ruick Raeccuion Satellite. Clearly our present canabil
for prompt acquisitica oi important photographic intelligenc:c is i
not so much by the rcecovery cycle, as by the lead time involved s

launching of a previously unscheduled flight., The Panel sharcs t

» i s
b

ty

mitet
1 the

rather obvious view that something ouszht to be done about tais an .

that in addition to the general streamlining of the launching onerk
which is a problem already being attacked on other fronts,:the b

dorns,

ssibiiitn

25X1

25X1

of a specially planned quick reaction vehicle should be studied. " heil.sr
this is feasible or rnot wiil have an imporitant bearing on thé relat ve
utility of such other means as readout satellites and drones. i
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9. SOME SPECIAT SYSTEMS AND MiSSTONS

v

crel considerca ~xislly a aumler of snecinl dys=ient i)
Ly, clrers rawy warrant exarmitationt

ton Seteliite. Clearly our present tapabil Iy

for prompt acquisition of i.m‘;)::};r_i;%t photographic inteiligerce is i it
not so much by the recovery cycle, as by the lead tirme involvadi a tre
launching of a previcusly unscneduled flight., The Pane!l s®arcs e
rather obvious view that something ought to be done about this =t i
that in addition to the goneral streamlining of the launching ovew tor:

which is a problem already being attacked é6n other fronts, the o ssilyiior

of a specially planned quick reaction vehicle should be studicd. | JThe EE%I.I:LEGIB
this is feasible or not wiil have an imnortant bearing on the relakive

utility of such other means as readout satellites and éroncet . i
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1. INTRODUCTION

In responsec to a request from the Director of Centrel Inte. ligence,
the Panel was assembled to examine some broad problems in sate ilite
reconnaissance. The Punel addressed itself to the following ques.ions:

a. What is the capability of existing and programmex
systems to provide photographic coverage of the quantity nd
quality required to meet future intelligence requirements?

b. What are the technical possibilities for the future
.development of satellite photography, and how should thes.
affect systerns planning and research?

c. What should be the technical goals in the next phase
of development?

d. What is the vulnerability of our systems to counier-
measures; how serious is the threat, and what steps should be
planned to mect it?

In addition to these ceniral quecstions, the Pancl considered a
number of proposals and idecas for special systems. Finally, although
the Panel did not undertaice a study of the A-12 airborne system a s suciy,
its importance in the whole nicture was very much in our rmpinds. The
capabilitics an  the complemcutary roles of airborne and suateilite
systems were compared at relevant poLniLs. -

To state our problem even more briefly, we tried to look into iiic
future to sec how far satellitc reconnaissance may reasonadiy be expecizd
to develop in the service of our intclligence needs, and what work necds
to be done to insure that it develops as rapidly as possible in the right
directions. It is obvious that so short a study had to leave many impor-
tant problems untouched.
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